Background: There are numerous barriers that limit access to evidence-based treatment for posttraumatic stress disorder (PTSD). Internet-based guided self-help is a treatment option that may help widen access to effective intervention, but the approach has not been sufficiently explored for the treatment of PTSD.
Since the emergence of the first internet-based self-help treatments, a number of systematic reviews have supported their efficacy for depression, anxiety, and other disorders (Olthuis, Watt, Bailey, Hayden, & Stewart, 2015 , Richards, Richardson, Timulak, & McElvaney, 2015 . Internet-based interventions are delivered as stand-alone selfhelp therapies or with minimal professional guidance, with evidence supporting superiority of the latter (Richards, & Richardson, 2012) .
Self-help therapies delivered with support from a therapist are known as guided self-help interventions and they combine use of online psychological therapy with active input from a trained professional, but to a much lesser degree than therapist administered interventions. The content of existing therapies is not usually altered, deviating from traditional psychological in terms of method of delivery (Cuijpers, Donker, van Straten, Li, & Andersson, 2010) . A randomized controlled trial (RCT) of book-based self-help for PTSD (Ehlers et al., 2003) found the intervention to be no more effective than repeated assessments, however, the self-help materials may not have been optimal and no therapist support or follow-up appointments were provided.
The first formally evaluated internet-based self-help intervention for PTSD was developed in the Netherlands and was known as "Interapy" (Lange et al., 2000) . "Interapy" showed promise for the treatment of subthreshold PTSD symptoms, but was not evaluated within a population with a formalized diagnosis of PTSD (Amstadter et al., 2009 ). Within a clinical population, the first published RCT evaluated internet-based CBT in comparison to internet-based supportive counselling (Litz et al., 2007) . Both groups showed significant symptom improvement, but there were no differences between the two groups posttreatment. A second study compared guided internet-based CBT with or without exposure (Spence et al., 2014) . Both groups improved significantly, but again, there were no differences between the two groups. These studies support the potential of delivering psychological therapy for PTSD online, but the results contradict established findings from the wider literature on psychological therapy for PTSD, which indicates superiority of trauma-focused/exposure-based therapies in comparison to those without a trauma focus , Jonas et al., 2013 .
Two more recent studies evaluated internet-based guided selfhelp in comparison to wait-list groups. The first found a large withingroup effect size in the treatment group from pre-to posttreatment, but a smaller between-groups effect size was found, due to symptom improvement in the control group (Spence 2011) . The second RCT compared internet-based guided self-help to delayed treatment minimal attention and a larger between-group effect-size was found (Ivarsson et al., 2014) .
Meta-analyses of the available evidence have concluded that internet-based treatments for PTSD are potentially effective (Kuester, Niemeyer, & Knaevelsrud, 2016 , Sijbrandij, Kunovski, & Cuijpers, 2016 . However, there has been relatively limited development of these approaches for PTSD when compared to other mental disorders, and further exploration is needed. The current study aimed to evaluate a novel trauma-focused internet-based guided self-help program for PTSD, which had been carefully developed and pilot tested systematically over a number of years with the aim of producing an intervention that was optimally effective and acceptable to users (Lewis, Roberts, Vick, & Bisson, 2013) . The online program was designed for delivery with up to 3 h of therapist guidance provided face-to-face or remotely, an approach which sets it apart from previous internet-based interventions for PTSD. In contrast to many previous studies of self-help for PTSD, the trial was conducted with a treatment seeking population that met diagnostic criteria for PTSD. This was the first RCT of the intervention and the aim was to establish efficacy of guided internetbased self-help for PTSD in comparison to a delayed treatment control group.
METHODS

Design
The study was an exploratory single blind randomized parallel group controlled trial, which followed CONSORT guidelines for nonpharmacological trials (Boutron, Moher, Altman, Schulz, & Ravaud, 2008) . Ethical approval was granted by the South East Wales Research Ethics Committee. Although a standard power calculation is not required for a Phase II exploratory trial, it was considered appropriate to use a power calculation based on a previous study of TFCBT for PTSD (Shalev et al., 2012) to inform the sample size and ensure it was likely to be adequate. The calculation suggested that for an 80% chance of detecting a mean 15 point difference on the Clinician Administered PTSD Scale between guided self-help for PTSD and waiting list at the 5% significance level, assuming a standard deviation of 15.2, 17 subjects in each group would be needed. Allowing for a conservative estimate of a 20-25% drop out, an extra four subjects were to be recruited to each arm representing a total proposed sample size of 42.
Initial screening for the study was completed by telephone. An inclusion checklist was used to assess eligibility and PTSD was screened for using the trauma screening questionnaire (TSQ) with a cut off score of 6 taken to indicate possible PTSD (Brewin et al., 2002) . Eligible participants were asked to monitor their traumatic stress symptoms for 2 weeks before attending a face-to-face meeting with a trained assessor. Written informed consent was taken and eligibility was confirmed by full assessment including the CAPS-5 (Weathers et al. 2013 ). Participants were not given any financial incentive to take part in the study.
Participants were randomly assigned, through a system of sealed, opaque envelopes containing an allocation code generated by an independent statistician, to an immediate or delayed treatment group. Participants in the treatment group were followed up 10 weeks (posttreatment), 14 weeks (1 month posttreatment), and 22 weeks (3 months posttreatment) after randomization. Participants in the delayed treatment group were followed up at 10 and 14 weeks after randomization, before crossing over to receive treatment and being followed up 22 weeks after randomization (posttreatment).
Participants
Participants were adults aged 18 or over, who continued to meet diagnostic criteria for DSM-5 PTSD of mild to moderate severity (CAPS-5 score of 55 or less) after a 2-week period of symptom monitoring. Participants were recruited between March 2013 and June 2014. Recruitment was initiated at a specialist secondary care Traumatic Stress Service, which resulted in slow recruitment on the basis that PTSD was often too severe to meet the inclusion criteria. Participants were recruited more rapidly when the recruitment strategy was adapted to include mental health services at a primary care level.
Exclusion criteria were psychosis, previous trauma-focused psychological therapy, DSM-5 severe major depressive episode, substance dependence, inability to read and write fluently in English, inability to access the internet, change in psychotropic medication within 1-month, concurrent psychological therapy, and suicidal intent. Earlier pilot testing of the intervention indicated that the program was best suited to participants with PTSD symptoms to a single trauma experienced in adulthood, due to difficulties disentangling symptoms arising from multiple traumas without more intensive therapist assistance . The pilot work also indicated that the treatment was not well suited to individuals with severe PTSD. Individuals who had symptoms linked to multiple traumas or a CAPS-5 score of over 55 were, therefore, excluded. Trauma histories were established with use of the Life Events Checklist (LEC) (Weathers et al. 2013a ).
Primary and secondary care clinicians in mental health services provided by Cardiff and Vale University Health Board referred participants in accordance with a brief screening protocol and a checklist of inclusion criteria. The study was also advertised through local media and by means of posters and leaflets in high-footfall National Health Service (NHS) waiting areas. Ninety-three individuals expressed an interest in joining the trial and were screened by telephone. Forty nine met the initial screening criteria and were invited to attend a face-toface interview. Four participants dropped out before baseline assessment. Of the 45 participants who were assessed at baseline, three were excluded (one due to having a CAPS score over 55 and the other two for not meeting diagnostic criteria for PTSD). Forty-two participants were randomized to either immediate treatment (n = 21) or to the delayed treatment control group (n = 21). Of these participants 40 (95%) had been referred to the study by treating clinicians and two (5%) were recruited by means of adverts in the media. Eight participants withdrew from the study, six from the immediate treatment group, and two from the delayed treatment control group. Details of participant flow are presented in Figure 1 .
Intervention
The guided self-help intervention was developed systematically following Medical Research Council (MRC) guidance for the phase 1 development of a complex intervention (Campbell et al., 2000) . The work followed an iterative process incorporating qualitative work to model the intervention, followed by two pilot studies to refine it on the basis of quantitative and qualitative outcomes . Collaboration with a software development company, as part of a Knowledge Transfer Partnership, produced an interactive online version of the program, which included eight online steps designed for delivery over 8 weeks. The eight steps are outlined in Table 1 .
Each of the eight steps activated a "tool," which became live in the "toolkit" area of the website.
Therapists
The program was initiated with an hour-long face-to-face session with a therapist-guide and fortnightly 30-min appointments thereafter, which were delivered face-to-face or by telephone, according to participant preference. The therapist guide also contacted the participant by telephone or email during the weeks between appointments to check-in briefly and prompt the participant to complete the sections of the program that had been agreed in the previous session. The aim of the therapist guidance was to offer continued support, monitoring, motivation, and problem solving. Participant program accounts were linked to the therapists' accounts, enabling progress to be monitored remotely and completed tasks to be shared. Three male and two female therapists (a psychiatrist, a clinical psychologist and three cognitive behavioral therapists), who were experienced in the delivery of trauma-focused CBT guided the program. They were trained to deliver the internet-based therapy, followed an intervention manual, and attended regular supervision meetings to maximize adherence to the manual. Therapists had no role in the assessment of participants at any time point. The delayed treatment group did not have any contact with a therapist until they crossed over to receive the internetbased guided self-help treatment. Therapists were asked to record any adverse events arising during the trial.
Primary outcome measure
The primary outcome measure was the CAPS-5 (Weathers et al. 2013 ).
The CAPS is considered to be the "gold standard" for PTSD assessment (Weathers 2001) . It is a 30-item structured interview that corresponds to the DSM-5 criteria for PTSD (American Psychiatric Association, 2013). A trained post-doctoral researcher who was blind to group allocation carried out all assessments. The researcher was not involved in the delivery of therapy and participants were asked not to reveal their group allocation. 
Secondary outcome measures
Statistical methods
At each observation time, means and SDs specific to each treatment group were calculated. We therefore required CAPS scores (for example) for every individual, at every observation time. Since not all individuals provided scores at all possible assessments, we imputed these missing data. Reflecting our uncertainty about the values that would have been recorded on these occasions, we used multiple imputation (with 100 imputations), and considered two possible imputation strategies. The first assumed a missing at random mechanism, wherein subjects with the same longitudinal measurements have the same expected future trajectory (as predicted by a simple random effects model) irrespective of whether they drop out or not. The second used a last observation carried forward approach, wherein subjects are expected to continue at the same level as their final observed measurement. We deemed the missing at random imputations too optimistic, and the last observation carried forward approach too pessimistic, so ultimately sampled values uniformly between these two extremes. To make inference about our mean and SD estimates, bootstrap resampling (that is, sampling with replacement from study participants) was employed, with 100 replicate datasets generated. Throughout, varying engagement in the trial and with the treatment was handled using intention-to-treat principles. Effect modification was explored using standard regression adjustment, but using a simplified model for longitudinal data in which the contrast of interest compared measurements taken before, and after, the planned initiation of treatment.
These were exploratory analyses based on theoretical indications of internet-based treatment effect. As in the missing at random imputations, random effects were used to account for correlation within a particular participant's measurements, and within a particular therapist's patients. All statistical analyses were conducted in R (R Core Team 2016).
TA B L E 1 Program content
Step Content
Step 1: Learning about my PTSD Psychoeducational material related to PTSD, illustrated by video clips of four characters describing their experiences
Step 2: Grounding myself Explanation of grounding and its uses along with descriptions and demonstrations of grounding exercises
Step 3: Managing my anxiety Education around relaxation with learning through videos of a controlled breathing technique, deep muscular relaxation, and relaxation through imagery
Step 4: Reclaiming my life Behavioral reactivation to help individuals return to previously undertaken/new activities
Step 5: Coming to terms with my trauma
Provides rationale for imaginal exposure, narratives of the four video characters are provided. The therapist helps the participant to begin writing a narrative, which they complete remotely and read every day for at least 30 min
Step 6: Changing my thoughts Cognitive techniques to address associated negative appraisals
Step 7: Overcoming my avoidance Graded in vivo exposure work to trauma related avoided/feared situations
Step 
RESULTS
Baseline characteristics
The mean age of participants was 39.29 (SD = 12.7, range = 20-65) and 59.5 % were female. The average time since trauma was 37.33 months (SD = 46.95, range = 3-228 months). Traumatic events included transportation accidents (n = 9); witnessing a sudden, violent, or accidental death (n = 9); traumatic childbirth or stillbirth (n = 8); sexual assault or rape (n = 5); physical attack (n = 4); life threatening illness or injury (n = 3); serious accident (n = 1); learning of the violent death of a loved one (n = 1); seeing a mutilated body (n = 1); and being held hostage/detained (n = 1). Baseline demographic characteristics are presented in Table 2 . 
TA B L E 2 Demographic characteristics of the two groups pretreatment
Primary outcome
Immediately after treatment (10 weeks after randomization), participants allocated to internet-based guided self-help (n = 21) had sig- 
Secondary outcomes
A similar pattern of outcomes emerged in relation to the secondary measures (Table 3) 
Therapist assistance
The mean amount of therapist input per participant was 147.53 (SD = 57.01) min. This included a mean of 3.09 (SD = 1.84) face-to-face meetings, 2.09 (SD = 1.85) telephone calls, and 1.00 (SD = 1.62) emails.
Adverse events
No adverse events were reported.
DISCUSSION
The study findings suggest that internet-based guided self-help can be 
Strengths and weaknesses of the study
Rigorous efforts were made to minimize the potential for bias by ensuring allocation concealment and using an assessor and a statistician who were blind to the group allocation of participants. The intervention itself had been developed systematically following MRC guidelines, with the aim of maximizing efficacy and acceptability, which sets it apart from interventions evaluated by many other trials of internet-based CBT. Wide eligibility criteria were used to maximize generalizability and participants were included regardless of the time elapsed since the trauma, or co-morbidity with disorders other than current psychosis, major depressive episode or substance dependence.
Participants were primarily treatment seeking individuals who were under the care of local primary and secondary mental health services and, therefore, likely to be representative of this population.
Nonetheless, some limitations remained. First, the sample size for the study was small. Second, the therapists who provided guidance were experienced at delivering trauma-focused CBT, which limits our ability to predict the outcomes that could be achieved by less experienced or nonspecialist therapists. Participants were only followed up for 3 months after the end of treatment. While treatment gains F I G U R E 3 Findings of the multiple imputation method used compared to results using missing at random and last observation carried forward imputation methods were maintained for this duration, we cannot draw conclusions related to the longer term effects of the intervention, which is a common issue within the field of internet-based self-help (Kuester et al., 2016 , Palmqvist, Carlbring, & Andersson, 2007 . Also, the generalizability of results to PTSD sufferers more widely, may be limited by the fact that participants were highly educated and mostly employed, indicating that they were higher functioning. 
Comparison to other studies
Effect sizes were comparable to those reported for therapist administered trauma-focused psychological treatments for PTSD (Jonas et al., 2013) . This should, however, be interpreted with caution since the current study only included participants with mild to moderate symptoms after a single traumatic event, making comparison with studies including a wider range of PTSD sufferers difficult. In agreement with the findings of recent meta-analyses of internet-based self-help for PTSD, the intervention was found to be effective in comparison to waitlist (Kuester et al., 2016 , Sijbrandij et al., 2016 , with the magnitude of effect lying at the higher end of the effect sizes reported by these reviews. The effect size was larger than that reported previously for internet-based CBT for clinical populations of PTSD sufferers (Ivarsson et al., 2014; Spence 2011) , which may be influenced by the fact that the intervention was systematically developed through an iterative process of modelling and pilot testing intended to create an optimally effective program . The program had a greater trauma focus and emphasis on imaginal exposure work via writing and reading a narrative, than other internet-based CBT programs for PTSD. Although meta-analyses have not found trauma focus to be a significant moderator of treatment effect for internetbased PTSD therapies, it is likely that subgroup analyses were not sufficiently powered to detect a difference (Kuester et al., 2016 , Sijbrandij et al., 2016 . Trauma focus is associated with improved outcome in face-to-face therapies for PTSD and there is little reason to think that internet-based therapies would be any different.
In addition, the program was professionally developed and interactive, with minimal reliance on reading on-screen text. Despite metaanalyses of the small number of existing studies failing to demonstrate moderating effects of any particular program component, it is likely that many of these factors have supported the efficacy of the program and that future meta-analyses will include a sufficient number of studies to identify factors that influence treatment response.
Dropout rates from the study were comparable to previous trials of internet-based guided self-help for PTSD (Spence 2011 , Ivarsson et al., 2014 ) and other mental disorders (Spek et al., 2007) . They were also of a similar magnitude to dropout from therapist-administered therapy (Bisson, Roberts, Andrew, Cooper, & Lewis, 2013) . Seventy five percent of those who dropped out of the trial did so before logging-in to the program, demonstrating a reluctance to engage in guided self-help, as opposed to an issue related to the tolerability of the treatment itself. This is consistent with previous research that has reported disappointing rates of uptake of internet-based interventions (Proudfoot et al., 2003) and a tendency for wariness of internet-based treatments due to low expectancies for symptom improvement (Mitchell, & Gordon, 2007) .
Clinical implications
There is inevitably a delay between the onset of mental disorder and the initiation of appropriate evidence-based treatment (Wang et al., 2007) . Although some PTSD sufferers are motivated and able to access timely intervention, the interval between symptoms arising and receipt of appropriate treatment varies substantially, and the disorder often goes untreated for many years (Wang et al., 2005) . rates of alcohol abuse and dependence (Breslau, Davis, & Schultz, 2003) . Understanding and overcoming traditional barriers to treatment and providing alternatives that serve to maximize the number of PTSD sufferers able to quickly access and engage in evidence-based therapy is, therefore, an important public health concern. Demanding around 80% less therapist time than existing trauma-focused psychological therapies, internet-based guided self-help for PTSD has the potential to maximize the use of healthcare resources and widen access to effective treatment. It has the potential to increase therapeutic capacity and reduce waiting lists, thereby enabling timely intervention and resolution of traumatic stress symptoms, which has numerous likely benefits including reduced distress and minimized interference with normal role functioning. Internet-based interventions also provide scope to overcome many traditional barriers to treatment including difficulties committing to weekly appointments due to work, childcare commitments, or transport issues.
Research implications
Little is known about the mechanisms of change associated with internet-based CBT (Andersson, Carlbring, Berger, Almlöv, & Cuijpers, 2009 , Kuester et al., 2016 , Sijbrandij et al., 2016 . Further work is needed to determine the moderators and mediators of treatmenteffect. This is especially pertinent to the field of PTSD, which has previously failed to find an advantage of trauma-focused/exposure internet- were greater than those found in other RCTs of internet-based CBT for PTSD. This warrants further scrutiny and investigation. A possible explanation is that previously tested programs have failed to deliver a sufficient "dose" of imaginal exposure. This program included a key role for exposure and encouraged initiation early in the 8-week program . Pilot work indicated that PTSD sufferers were able to tolerate a larger "dose" of exposure than included in the original prototype and later iterations of the program had a greater trauma-focus with improved results and no reported adverse effects (32). As noted earlier, this contradicts the findings of a meta-analysis that found no significant differences between effect sizes when comparing interventions with exposure, to those without, however, very few studies have included programs without exposure (Kuester et al., 2016 , Sijbrandij et al., 2016 .
Large multicentre effectiveness trials with nested process evaluation are needed to confidently recommend internet-based guided selfhelp as an evidence-based treatment option for PTSD. Further trials are also required to ascertain the optimal balance between minimizing therapist input and maximizing outcome. For example, it may be possible to augment programs with inbuilt self-reinforcement strategies to reduce or eliminate the need for therapist-assistance. There is also a need to explore predictors of outcome and dropout, such as participant age, trauma type, levels of computer literacy, educational attainment, and symptom severity. This will provide a greater understanding of PTSD sufferer characteristics likely to be associated with positive responses to internet-based CBT and allow a more personalized approach to treatment (Hamburg & Collins, 2010) .
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